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Abstract 

Polycrystalline samples of La-Ca-Mn-O doped with Gd have been prepared. We have systematically examined their electronic 
transport, low-field magnetoresistance, and magnetization behaviors in a series of (La^ _ r Gd v ) 067 Ca O33 MnO < s with 0.10 ^_v< 
1.00. The maximum magnetoresistance ratio at B = 0.85 T with (R n - R B )/'Ro = 92.5% occurs approximately at jc = 0.3. It is also 
found that the Gd-doped samples show a novel memory effect. The effects of gadolinium ion composition on the electric and 
magnetoresistance behaviors of manganese perovskites (La! _ v Gd ;r ) O67 Ca 0 33 MnO <5 could arise as from changes in the average 
ionic radius of the La site <r A >. © 2001 Elsevier Science B.V. All rights reserved. 

Keywords: Colossal magnetoresistance: Transport; Magnetic; Manganese pcrovskite; Memory effect 



1. Introduction 

The complex perovskite compounds La, _ t A^MnO.j 
( A = Ca, Sr, Ba and Pb) can be formed and exhibit very 
interesting magnetic and electrical properties when La 
is partially substituted by divalent elements [1]. The 
most attractive feature of their behavior is the existence 
of metallic conductivity and ferromagnetism. 

There is renewed interest in manganese perovskites 
due to their colossal magnetoresistance (CMR) effect 
exhibited near the ferromagnetic ordering of Mn spins 
[2-5]. The MR ratio is defined here as AR/Ro = (Rq — 
Rb)/R<> where R Q is the zero-field electrical resistance 
and R B is the resistance in the applied field. The re- 
ported MR value are 60% at 7 T and 300 K in 
Lao^Bao^MnO* thin films [4], 99.9% at 6 T and 77 K 
in an epitaxial La 0 .67Cao.33rVmO<j (LCMO) thin films [2], 
53% in Lao. 8 Sro. 2 Mn0 3 at 5 T and 260 K |6]. It is a 
considerable important issue, for potential applications 
and for microscopic understanding, to resolve what 



* Corresponding author. Present address: Department of Chem- 
istry, University of Gueiph, Guelph, OnL, Canada NIG 2W1. 



principal factors determine the Curie temperature and 
the magnetoresistance. It was proposed that in doped 
magnetic compounds the mixed Mn 3 + /Mn 4+ valence 
give rise to both ferromagnetism and metallic behavior 
(7,8]. Earlier studies [9,10] showed that the mixed 
Mn 3 + /Mn 4+ ratio could be changed by changing the 
doping level and by varying the oxygen content. Ac- 
cording to mean-field theory [11,12], the presence of 
species with different ionic radii can change the lattice 
parameters and also lead to a shift in the Curie temper- 
ature. In fact, Jin et al. [13] reported first that CMR 
could be improved in sintered bulk samples of 
Lao.6oYo.o7Ca 0 .33MnO,5. Some investigations [14-17] 
also present detailed results of manganese perovskites 
by substituting different doping level of Y, Pr, and Nd 
for La. These results indicate that there is considerable 
coupling between magnetism and the lattice strain in 
this system. Here we report the CMR behavior of a 
series of (L^ _ x Gd K ) o _ 67 Ca 0 ^ 3 MnO 6 (LGCMO) sam- 
ples. The temperature dependence of electric and the 
magnetization properties are also examined. We find 
that these properties depend on the concentration of 
gadolinium. The MR value of the LGCMO system for 
x ~ 0.3 reaches approximately 92.5% in a low applied 
magnetic field, typically near B = 0.85 T. 
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We prepared a series of (La, Gd ) n -,Cn M«n 
(a - 0.10, 0.20, 0.30, 0.40, and 1.00) samples using the 
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solid-state reaction method. Stoichiometric amounts of 
La 2 0„ Gd,0 3 , CaC0 3 , and MnO, were thoroughly 
mixed, and calcined at 1000°C for 8 h in air The 
calcined materials were ground again, pressed into 
small disks, and sintered at 1420°C for 8 h in oxyeen 
atmosphere, and then cooled slowly to room tempera- 
ture, rhe morphology and chemical composition ol'the 
sintered samples were checked by scanning electron 
i^croscope fSEM) and energy-dispersive spectroscopy 
fcDS.) and X-ray diffraction fXRD) analysis was per- 
forated. The electric resistance and magnet oresistance 
ol the samples were measured by a standard lour-point 
contact technique in the temperature range of 12-100 
a " d ™8 netic field ^^0.85 T. For highly resistive 
samples, the resistance measurements were carried out 
with a high impedance electrometer. The magnetization 
ot the samples was measured by a vibrating sample 
magnetometer fVSM). 1 



3. Results and discussion 

Fig. ] represents the temperature dependence charac- 
teristics of the resistance R, the MR ratio with 
< J<o - R B )iR 0 for six samples of x = 0 0 0 1 0 2 0 3 
0.4, and 1.0. It is evident that all samples except the 
ones with .v = 0.4 and 1.0 show a semiconductor- 
metal transitton, while semiconductor behavior (i e a 
negative dR/dT) occurs above the peak temp- 
erature and metallic behavior (i.e. a positive dR/dT) 
below. The temperature of maximum magnetoresis- 
tance ,s almost located in the metallic-behavior 
region on the low temperature side of the resistivity 
peak. Clearly the peak temperature T c and MR 
ratio shift are associated with an increased gadolinium 
composition. It is interesting to note that T de- 
creases from 205 to 75 K and MR peak value increases 
as the value of x increases from 0.1 to 0 3 which is 
similar to the results in Y-doping samples [14,15]. At 
J- 7^ K, the highest MR value of about 92.5% is 
observed lor the x = 0.3 sample at B = 0.85 T. Such a 
low field MR behavior in our measurement is of 
much importance for many magnetic field sensor 
application. 

Fig. 2 gives the doping level dependence of the 
resistivity measured at temperatures r=50, 150 and 

-.. ,. Can 1x5 Seeu that the resistivity increases 
rapidly with increasing doping level x at several temper- 
ature points. The results in Fig. 1 and Fig. 2 suggest 
that the high resistivity in polycrystalline series is asso- 
ciated with large magnetoresistance values at measured 
temperature ranges. 

The magnetization of samples as a function of tem- 
perature is shown in Fig. 3. With increasing the 
gadolinium content .v, the magnitude of the saturation 



BNSDOCID: <XP 4242242A_J_> 



i 

y 'ti- 



ll 



JJI, Hao et al, /Materials Science and Engineering B83 (2001) 70-73 




0 50 100 150 200 250 300 350 
T(K) 

Fig. X Temperature dependence of the magnetization for samples of 
the scries (La, . A Gd A .) 0 .^Ca^MnO., at 10 kGs measured on cool- 
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Fig. 5. Temperature dependence of the resistance for a 
(Lao. 7 Gd 0 3 ) 0 b7 Ca 0 3 ,MnO,i sample with different magnetic histories. 



magnetization is severely depressed. It may also be 
noted from Fig. 3 that the ferromagnetic transition 
becomes very broad for higher Gd content. Since a 
sharp transition may not exist in most of these Gd- 
doped polycrystaliine ceramics, the general Arrott plot 
method or similar approach is not appropriate to deter- 
mine the Curie temperature of these samples. We deter- 
mined the Curie temperatures by an extrapolation 
procedure described by Leung et al. [18]. The obtained 
points by this method coincide approximately with the 
above transition temperatures in Fig. 1. 

The magnetization curves upto 15 kGs at tempera- 
ture of 10 K for several samples of x = 0.1, 0.3, 0.4, and 
1.0 are shown in Fig. 4. With increasing a, the smaller 
saturation magnetization and the higher saturation field 
can be observed, indicating the MR value may be larger 
at higher fields for the samples with optimum doping 
level. 

Xiong et al. |19] reported on a novel magnetoresistive 
memory effect in the Nd a7 Sr 0 . 3 MnO_- films. The resistiv- 
ity of the film depends not only on the applied magnetic 
field but also on the magnetic history. In the systematic 
study of CMR in several LGCMO samples, we have 
also observed a CMR memory effect in some of Gd- 
doped LCMO samples. Fig. 5 shows the temperature 
dependence of the resistance for a LGCMO sample 
.(x = 0.3) with different magnetic histories. One notices 
that when the field is reduced to zero, the remanent 
resistance is not recovered to the original zero-field 
value. It is also noteworthy that the obvious difference . 
between curves of the remanent resistance and original 
zero-field resistance occurs over a wide temperature 
ranges, below and near the transition temperature T c . 
At T well above T c , the curve of the remanent resis- 
tance tends to values of the original zero-field 
resistance. 

A more systematic investigation of these manganites 
has shown that two factors govern the CMR properties 
of- these materials, the size of the interpolated cation 
and the hole carrier density. The first factor influences 
dramatically the Mn-Mn distance and consequently 
the overlapping of the manganese-oxygen orbitals. The 
hole carrier density is controlled by the Mn 3 + /Mn 4 + 
ratio, depending on the charge of the interpolated 
cations. Since the Mn 3 + /Mn 4+ ratio remained fixed at 
7/3 in our (La, „. r Gd T ) 0>o7 Cao.3 3 MnO a samples, the ef- 
fect of Gd doping in polycrystalline LCMO material on 
their electrical and magnetic properties may be caused 
by ionic radii difference between trivalent lanthanum 
and gadolinium (the ionic radius of La 3+ is 1.22 A, and 
that of Gd 3 + is 1.11 A). It has also been reported that 
LCMO was a nearly cubic perovskite structure [20] 
while (Gd, _ v Ca x )MnOj was the orthorhombic [21]. 
With increasing doping level, it can be expected that the 
crystallographic_structure changes gradually from cubic 
perovskite to orthorhombic, and the lattice constants 
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become smaller for larger x. The change in lattice 
parameter and crystallographic structure would affect 
the Mn-O-Mn bond angle, and canting of the Mn ion 
moment, and result in changes of the Mn-Mn elec- 
tronic hopping parameter. This effect has been ob- 
served in the earlier studied (La, -^YJ^tQ^MiiO, 
and (La 1 _. r Pr r ) 0 . fr7 Ca 0 . 33 MnO^ systems [15-17]. 

In a cubic perovskite AB0 3 structure, the structural 
stability follows the perovskite tolerance factor t = 
( r A + '*o)/(\/2 (r B + r a )), where r A , r B , and r D represent 
the ionic radii of the lanthanide site, transition metal, 
and oxygen, respectively. For a perfect cubic perovskite 
structures, / =s 1 , while the Mn-O-Mn bond angle 6 
would be 180°. Due to the substitution of Gd in the 
system LCMO, there are three types of average A-0 
bond lengths corresponding to A = La, Ca and Gd, and 
two average B-O bond lengths corresponding to Mn 
ion in two oxidation states (Mn 3+ and Mn 4 + ).-It could 
be calculated to know that both the average ionic 
radius of A site <r A > and the tolerance factor / decrease 
with increasing Gd doping level x. For t< 1, rather 
than a simple contraction of bond distances, the octa- 
hedra tilt and rotate to reduce the excess space around 
the A site, resulting in 0< 180°, thereby reducing the 
matrix element 6, which described electron hopping 
between Mn sites [14]. Also, the increased bending of 
the Mn-O-Mn bond should induce the enhancement of 
the carrier effective mass or the narrowing of the band- 
width 1 17]. Thus, these changes arising from substitu- 
tion by Gd will result in a decrease in T c , and also 
produce a modification of the spin state of neighboring 
sites, thereby changing the electronic transport proper- 
ties and associated properties. When decreasing the 
Mn-O- Mn bond angle more, the transport properties 
of LGCMO perovskites will remain nonmetailic to 
lowest tempera tures. The results have been confirmed 
for our samples of LGCMO (x > 0.4) as shown in Fig. 



4. Conclusion 

We have shown that the electric transport and mag- 
netic behaviors of polycrystalline samples of fLa, _ 
-vGd x ) o . &7 Ca 0 .33MnO rf (a*<1) systematically varied by 
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changing the Gd doping level x. With increasing a\ the 
MR ratio near T c increases, and the T c decreases. The 
maximum MR value of 92.5% is observed for x = 0.3 at 
B = 0.S5 T. These results are attributed to the change in 
the lattice parameter. 
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